We have examined the relationship between induction of interferon (IFN) and prostaglandin E (PGE) production by poly(rI), poly(rC) in cultured human foreskin fibroblasts (FSll). Hydrocortisone and dexamethasone (2.5 x 10 -7 M), which are known inhibitors of PGE synthesis, significantly decreased the induction of both IFN and PGE in IFN-pretreated (primed) cells. Desoxycorticosterone, progesterone and estradiol were devoid of this activity. Hydrocortisone also blocked the induction of IFN by double-stranded RNA (dsRNA), cycloheximide and actinomycin D in FS11 cells. Arachidonic acid overcame the inhibitory effect of hydrocortisone on PGE production, but failed to restore IFN production in the presence of the steroid. Moreover, the prostaglandin synthetase inhibitors, indomethacin, aspirin and flufenamic acid, did not change IFN production by dsRNA in primed FSll cells, although prostaglandin synthesis was abolished. Although the induction of IFN and PGE by poly(rI).poly(rC) might be consequences of the same initial event in the cell, the accumulation of PGE does not seem to have a regulatory effect on the synthesis of IFN in this system.
INTRODUCTION
There are some common features to the induction of interferon (IFN) and prostaglandin (PG) production. In the absence of inducing agents, both are undetectable or exist at very low concentrations in the cells, and a variety of stimuli can induce the synthesis of both IFN and PG (Grossberg, 1972; Zor & Lamprecht, 1977) . We have recently found that both poly(rI), poly(rC) and fibroblast IFN (IFN-/~) induce prostaglandin E (PGE) synthesis in foreskin and synovial fibroblasts (Yaron et al., 1977 (Yaron et al., , 1978 . Poly(rI). poly(rC) is a well-known inducer of IFN-/3 (for review, see Grossberg, 1972) . The induction of PGE by double-stranded RNA (dsRNA) was similar to that of IFN induction with regard to time course, dose dependence and nucleotide specificity (Yaron et al., 1977 (Yaron et al., , 1978 . Several other agents, such as RNA and DNA viruses (including oncogenic viruses), bacterial toxins, mitogens and antigens which induce IFN-/L immune IFN (IFN-~,) and leukocyte IFN (IFN-~) (Grossberg, 1972; Pick, 1977; Johnson & Baron, 1977; Yaron et al., 1978; Epstein, 1979) , can also induce PGE synthesis (Ferraris & DeRubertis, 1974; Yaron et al., 1978 Yaron et al., , 1981 Fitzpatrick & Stringfellow, 1980; Roos et al., 1980; Caspi et al., 1982) . Furthermore, hydrocortisone and cortisone were reported to inhibit both PGE (Gryglewski et al., 1975; Floman & Zor, 1976; Yaron et al., 1977 Yaron et al., , 1978 and IFN (Kilbourne et al., 1961 ; De Maeyer & De Maeyer, 1963) induction by various stimulants. This raises the possibility that induction of IFN and PG are causally related.
Recently, evidence has been presented suggesting that endogenous PGs may be essential for the in vivo expression of the antiviral effect of IFN in mice and humans (Stanley et al., 1975; Stringfellow, 1978) .
U. ZOR AND OTHERS
In the present study we have considered whether the induction of IFN-fl production by poly(rI), poly(rC) is mediated by PGs. We conclude that PGs probably do not play a role in the induction of IFN synthesis by dsRNA.
METHODS
Chemicals. Hydrocortisone acetate, progesterone and desoxycorticosterone acetate were purchased from Makor Chemicals (Jerusalem, Israel). Dexamethasone diphosphate was from Ikapharm (Jerusalem, Israel), indomethacin and aspirin from Assia (Jerusalem, Israel), flufenamic acid from Rafa (Jerusalem, Israel) and arachidonic acid (99 ~o pure) from Sigma. Stock solutions of these compounds were made up in ethanol except for flufenamic acid which was dissolved in 0.1 M-NaOH. The diluents were added to control FS11 cells at the same concentration as in the drug preparation.
InterJeron. IFN was prepared in human foreskin fibroblasts (strain FSll) by superinduction, essentially as described by Vil6ek & Havell (1973) . The crude interferon was partially purified by chromatography on carboxymethyl-Sephadex and used for priming experiments (see below). The IFN was devoid of dsRNA contamination. Experiments on the induction of IFN and PGE in FS11 cells were carried out in Nunc microtitre plates, (8 × 12 wells, 2 × 104 cells/well) or in Costar cluster plates (16 mm diam. wells, 1.5 x 105 cells/well). Cells were grown in minimal essential medium with added penicillin (100 U/ml) and streptomycin (100 ~tg/ml) and 10~ foetal calf serum, and were aged for 36 to 48 h after seeding before initiation of the experiment.
Priming with interferon (50 IU/ml) was carried out for a period of 20 h with addition of insulin (1 lag/ml) during the last hour, where indicated prior to induction. Induction of cells was carried out in serum-free medium with 1 to 100 ~tg/ml poly(rlLpoly(rC) as indicated. Concomitant addition of inhibitors of PG synthesis was made as indicated. After 1 h ceils were washed with phosphate-buffered saline and incubated for 16 h in medium containing 13 mM-HEPES buffer, 2 ~o foetal calf serum and the various inhibitors. Interferon concentrations in the medium were measured by the cytopathic effect inhibition method using FS11 cells with vesicular stomatitis virus (VSV) as challenge virus (modification of the method described by Armstrong, 1971) . Titres are expressed in international units (IU) (reference interferon preparation G023-901-527, kindly supplied by the NIAMD Infectious Diseases Branch, Bethesda, Md., U.S.A.). PGE determination was carried out in the medium by the radioimmunoassay method of Bauminger et al. (1973) . Superinduction of IFN formation by FS 11 cells was carried out for 6 h. Poly(rI). poly(rC) (100 ~tg/ml) was added to the cells with cycloheximide (50 ~tg/ml) and hydrocortisone (5 Ixg/ml) when specified, and incubated for 270 min followed by actinomycin D (1 ~tg/ml) for 90 min. The cells were washed and hydrocortisone (5 Ixg/ml) was concomitantly added with poly(rI).poly(rC) (100 ~tg/ml) and incubated for a further 20 b.
RESULTS
Foreskin fibroblast cells of the strain FS11 produce a low amount of IFN in response to poly(rI), poly(rC) in unprimed cells. However, pretreatment (priming) with IFN (50 IU/ml) markedly increased the effect of dsRNA on IFN synthesis (data not shown).
Hydrocortisone (an inhibitor of PG synthesis) reduced, in a dose-dependent manner, both IFN and PGE production in FSI 1 cells primed with IFN (Fig. 1) . The maximal effective dose of the hormone (2.5 × 10 -v M) markedly reduced IFN production (85~) and PGE formation (60~). At a low concentration of hydrocortisone (2.5 × 10 -8 M), IFN and PGE formation were reduced by 45 ~/o (Fig. 1) . Concomitant addition of arachidonic acid and hydrocortisone restored PGE production (7-to 20-fold over control level) but failed to restore IFN production induced by the dsRNA (Fig. 2) . The measurement of IFN levels was not affected by hydrocortisone administration since, as previously shown, the steroid does not reduce the antiviral effect of IFN (Wallach & Revel, 1979) . The synthetic steroid, dexamethasone, had an effect similar to that of hydrocortisone (Fig. 2) . Steroid hormones devoid of glucocorticoid activity, such as desoxycorticosterone, progesterone and estradiol (7-5 × 10 -7 M each) were without significant effect on either IFN or PGE production in response to poly(rI), poly(rC) (data not shown).
The PG synthetase inhibitors, indomethacin, aspirin and flufenamic acid, abolished PGE production but had no significant effect on IFN production in response to poly(rI), poly(rC) (Fig. 2) . The drugs did not affect the measurement of IFN levels. 7) formation by poly(rI), poly(rC) in FS11 cells. Priming was carried out and the inhibitors were added 1 h before addition of poly(rI), poly(rC) as described previously. Inhibitors were also included in the incubation medium after stimulation with poly(rI).poly(rC). Con, Control; Ind, indomethacin (1 ~tg/ml); Asp, aspirin (100 ~tg/ml); Fluf, flufenamic acid (10 p.g/ml); Dex, dexamethasone (0.1 ~tg/ml); Cort, hydrocortisone (0.1 ~tg/ml); Arac, arachidonic acid (2 ~tg/ml). The absolute values for PGE and IFN were as noted in Fig. 1 . Bars indicate + standard error of the mean on quadruplicate determinations. The maximum PGE production in the presence of hydrocortisone + arachidonic acid was 692~0 of the control, and in the presence of arachidonic acid it was 2037~ of the control.
Superinduction of FS 11 ceils resulted in the production of 2200 IU of IFN per 106 ceils during the last incubation (20 h). If 5 ~tg/ml hydrocortisone, however, was added during both periods of incubation, the production of IFN was suppressed to 16~o of the control level. DISCUSSION Double-stranded RNA simultaneously induces the synthesis of IFN and PGE in human foreskin fibroblasts (Yaron et al., 1977 (Yaron et al., , 1978 . The present study clearly demonstrates that neither of these two effects is the consequence of the other. Unimpaired synthesis of large amounts of IFN with very little PGE production occurred in cells treated by aspirin-like drugs. Indomethacin at high doses was also found to be inactive in inhibiting IFN production in L929 cells (Roszt6czy, 1978) . Furthermore, extensive synthesis of PGE, with very little IFN formation, occurred in FSI 1 cells supplied with arachidonate in the presence of hydrocortisone. Kilbourne & Horsfall (1951 a, b) found that treatment with steroid hormones increased virus titres and induced lethality in mice infected with coxsackie virus (Kilbourne & Horsfall, 1951 b) , possibly due to suppression of IFN production (Kilbourne et al., 1961 ; De Maeyer & De Maeyer, 1963) . Recently, it was found that steroid hormones enhance virus DNA, RNA and protein synthesis (Parks et al., 1975; Young et al., 1977; Ringold et aL, 1978) as well as virus multiplication (Wu et aL, 1976) . It is not clear by what mechanisms glucocorticoids act, but it is possible that all these diverse effects may reflect the ability of the steroid to abolish the induction of IFN formation. This is in contrast, however, to the finding that in a human lymphoblastoid cell line glucocorticoids can enhance IFN production (Adolf & Swetly, 1979) . It is interesting to note that the doses of the steroids used in our study and in that of Adolf & Swetly (1979) found to be sufficient to suppress IFN formation are in the range of the physiological concentration of hydrocortisone (about 3 x l0 -7 M) in blood. With regard to hormonal specificity, it was shown that only glucocorticosteroids are active in this respect, since sex steroid hormones (estradiol, progesterone) as well as mineralocorticosteroids were inactive (Adolf & Swetly, 1979) .
Although PGs are not involved in IFN production, they mimic some actions of IFN. Thus, prostaglandin A has an antiviral action similar to IFNs (Santoro et al., 1980 (Santoro et al., , 1981 . Moreover, various PGs have anti-cellular action and inhibit turnout cell division as has been reported also for IFN (Honn et al., 1981 ; Gresser & Tovey, 1978) . Furthermore, under certain conditions PGs modulate the response of cells to IFN inducers or to IFN (Stanley et al., 1975; Stringfellow, 1978) , and inhibitors of cyclooxygenase (PG synthetase) partially reduce the antiviral action of IFN on L cells (Pottathil et aL, 1980) .
The similarity between the regulatory mechanism of formation of IFN and PGs, as reflected in their sensitivity to corticosteroids and also in their effects, suggests that in pathological situations IFN and PGs may have complementary action.
